■ This study assessed the impact of serotonin transporter genotype (5-HTTLPR) on regional responses to emotional faces in the amygdala and subgenual cingulate cortex (sgACC), while subjects performed a gender discrimination task. Although we found no evidence for greater amygdala reactivity or reduced amygdalasgACC coupling in short variant 5-HTTLPR homozygotes (s/s), we observed an interaction between genotype and emotion in sgACC. Only long variant homozygotes (la/ la) exhibited subgenual deactivation to fearful versus neutral faces, whereas the effect in s/s subjects was in the other direction. This absence of subgenual deactivation in s/s subjects parallels a recent finding in depressed subjects [Grimm, S., Boesiger, P., Beck, J., Schuepbach, D., Bermpohl, F., Walter, M., et al. Altered negative BOLD responses in the default-mode network during emotion processing in depressed subjects. Neuropsychopharmacology, 34, 932-943, 2009]. Taken together, the findings suggest that subgenual cingulate activity may play an important role in regulating the impact of aversive stimuli, potentially conferring greater resilience to the effects of aversive stimuli in la/la subjects. Using dynamic causal modeling of functional magnetic resonance imaging data, we explored the effects of genotype on effective connectivity and emotion-specific changes in coupling across a network of regions implicated in social processing. Viewing fearful faces enhanced bidirectional excitatory coupling between the amygdala and the fusiform gyrus, and increased the inhibitory influence of the amygdala over the sgACC, although this modulation of coupling did not differ between the genotype groups. 
INTRODUCTION
Processing facial emotions depends on a distributed network of cortical and subcortical structures (Haxby, Hoffman, & Gobbini, 2000) . This network, comprising the lateral occipital cortex (LOC), fusiform gyrus (FG), amygdala, inferior frontal gyrus (IFG), posterior superior temporal sulcus (pSTS), and anterior cingulate cortex, plays a pivotal role in the detection and decoding of socially relevant visual stimuli (Castelli, Happe, Frith, & Frith, 2000; Baron-Cohen et al., 1999; Brothers, Ring, & Kling, 1990) . Functional specialization across this network has been explored extensively with respect to face processing. Dorsal components (pSTS and IFG) appear to process dynamic aspects of facial stimuli, including gaze direction and expression (Pelphrey, Morris, & McCarthy, 2004; George, Driver, & Dolan, 2001 ). Ventral components (LOC, FG, and amygdala) are thought to process invariant features (Haxby et al., 2000; Kanwisher, McDermott, & Chun, 1997) such as large eye whites, which signal fear (Whalen et al., 2004) .
In a seminal study, Fairhall and Ishai (2007) used dynamic causal modeling (DCM) to explore connectivity across this network during face processing. They identified hierachial organization in the "core" network, with LOC exerting direct influence over both the FG and pSTS, with no evidence that including feedback or lateral connections increased model fit. Responses in the "extended" components of the network (IFG, amygdala, and orbito-frontal cortex) were predominantly driven by inputs from the FG, with a reduction in model fit observed when connections were modeled from the STS.
In addition to examining connectivity related to viewing face stimuli, Fairhall and Ishai also examined the modulatory effects of emotional valence on coupling. Viewing emotional faces increased effective connectivity in the ventral component of this network, from the LOC to the FG, and from the FG to the amygdala. Their findings are consistent with the wealth of evidence indicating the centrality of the amygdala in processing emotions, particularly fear; consistent with its more general role as a threatdetection system (Dolan, 2002; Adolphs, Tranel, Damasio, & Damasio, 1994) .
A plethora of studies have demonstrated that genetic factors contribute to individual differences in responsivity to threat-relevant stimuli at the behavioral and neural levels (Gotlib, Joormann, Minor, & Hallmayer, 2008; 1 University College London, UK, 2 Kingʼs College London, UK Strange, Kroes, Roiser, Tan, & Dolan, 2008; Roiser, Cook, Cooper, Rubinsztein, & Sahakian, 2005; Hariri et al., 2002; Garpenstrand, Annas, Ekblom, Oreland, & Fredrikson, 2001 ). In particular, exaggerated amygdala response to emotional faces, particularly those displaying fear or anger, has been associated with the short allele of a polymorphism in the promoter region of the serotonin transporter gene (5-HTTLPR) (Dannlowski et al., 2010; Bertolino et al., 2005; Pezawas et al., 2005; Hariri et al., 2002) , although others have failed to report this effect (Thomason et al., 2010; Shah et al., 2009) . Differential responses to aversive stimuli related to 5-HTTLPR genotype have also been observed in subgenual cingulate cortex (Fortier et al., 2010; Fukudo et al., 2009; Shah et al., 2009 ), a region strongly implicated in mood disorders and pivotal in the regulation of amygdala response (Schardt et al., 2010; Grimm et al., 2009; Drevets et al., 1997) . Volumetric reductions in both the amygdala and sgACC, as well as altered functional and structural connectivity between the two, have also been linked with the short allele (Schardt et al., 2010; Pacheco et al., 2009; Pezawas et al., 2005) . Although convergent evidence suggests modulation of limbic and medial prefrontal response related to 5-HTTLPR genotype, evidence for transient expression of serotonin transporters across diverse glutamatergic cortical networks during pre-and postnatal development raises the possibility that the effects of 5-HTTLPR may extend to diverse neural pathways (Gaspar, Cases, & Maroteaux, 2003) . However, to date, studies assessing the influence of 5-HTTLPR polymorphism on functional coupling in the brain have utilized methods that only permit the assessment of connectivity between two regions at a time (i.e., "functional connectivity"; e.g., Schardt et al., 2010; Canli et al., 2006; Pezawas et al., 2005) . These studies have also tended to focus on coupling with the amygdala. Moreover, such approaches do not provide insights into the direction of connectivity.
The primary aim of this study was to investigate whether 5-HTTLPR genotype influences responses to emotional faces in the amygdala and sgACC, using an incidental task. We also used DCM to explore whether effective connectivity was influenced by 5-HTTLPR genotype across a distributed network that participates in emotional face processing. Using DCM allowed us to ascertain not only the strength and direction of connectivity but also task-specific effects on coupling, providing insight into the mechanisms behind changes in regional responses (Friston, Harrison, & Penny, 2003) . Based on previous findings, we predicted greater amygdala responses to fearful versus neutral faces and reduced amygdala-sgACC coupling in s/s homozygotes while viewing fearful faces (Pezawas et al., 2005; Hariri et al., 2002) . As both enhanced and attenuated sgACC response to emotional stimuli have been associated with the short variant, we explored changes in response in this region without a directional hypothesis (Fukudo et al., 2009; Shah et al., 2009) . Given that transient serotonin transporter expression influences the development of diverse cortical networks (Gaspar et al., 2003) , we predicted differences in connectivity related to serotonin transporter genotype across the network.
METHODS Subjects
Thirty right-handed volunteers of European ancestry selected for 5-HTTLPR genotype took part in the study. None of these subjects carried a low-frequency A-to-G substitution within the long allele Nakamura, Ueno, Sano, & Tanabe, 2000) . Fifteen subjects were homozygous for the short allele (s/s) and 15 for the long allele (la/la). Subjects were screened for previous psychiatric disorders using the Mini International Neuropsychiatric Inventory (Sheehan et al., 1998) . IQ was measured using the Weschler Test of Adult Reading (Wechsler, 2001 ). All subjects provided written informed consent before participation, as approved by the National Hospital for Neurology and Neurosurgery and the Institute of Neurology joint ethics committee.
Experimental Paradigm
Subjects were told they would see a series of faces and were instructed to indicate the gender of the face via an MRI-compatible keypad. The task comprised four cycles of three blocks. Each block consisted of faces representing one single emotion (happy, fearful, or neutral faces). Each facial emotion block consisted of eight trials, each lasting 2 sec. Between blocks, there was a 16-sec period during which a central fixation cross was displayed. The scanning session lasted 6 min and 24 sec in total.
Image Acquisition and Analysis
A 3-T head scanner (Magnetom Allegra, Siemens Medical) was used to acquire gradient-echo T2*-weighted images. There were 32 slices per volume, positioned to ensure maximum coverage of prefrontal cortex and subcortical regions. The 30°tilted sequence was designed to minimize dropout in ventral prefrontal cortex and amygdala (Weiskopf, Hutton, Josephs, & Deichmann, 2006) . Echo time was 30 msec, repetition time per slice was 65 msec, slice thickness was 2 mm, interslice gap was 1 mm, and in-plane resolution was 2 × 2 × 2 mm. fMRI data were analyzed using Statistical Parametric Mapping (SPM5; Wellcome Trust Centre for Neuroimaging, London; www. fil.ion.uck.ac.uk/spm) in Matlab 7.1. The first six image volumes were removed from the analysis to allow for T1 equilibration. The volumes were realigned to the seventh image, normalized into standardized space [Montreal Neurological Institute (MNI) template], and smoothed using an 8-mm FWHM, to allow for anatomical variability across subjects.
Regressors for each facial emotion were constructed (happy, fearful, and neutral) and convolved with a synthetic hemodynamic response function, with onsets modeled as box-car functions at the presentation of the first face in each 16-sec block. There was one box-car per block. For subjects who made errors or omissions in the gender judgment task, an extra regressor was included to model instances where they may not have been attending to the task. For the five subjects who made no errors, the nonattending regressor was not included. The 16-sec fixation period between blocks constituted an implicit baseline. A high-pass filter with a cutoff of 128 sec was used to remove low-frequency fluctuations. Regression coefficients (parameter estimates, or betas) were then estimated using the general linear model, creating a beta image for each regressor. Parameter estimate images for the facial emotion regressors were linearly combined to calculate the contrasts of interest (happy vs. neutral, fear vs. neutral, and happy vs. fear). These were then used to compare s/s and la/la subjects in random-effects group-level analyses using the t statistic.
The aim of the group-level comparison was to measure differences in response to fearful versus neutral faces associated with 5-HTTLPR genotype in our primary ROIs: the amygdala and sgACC. To define our amygdala ROI, we used a bilateral mask from the Wake Forest University PickAtlas toolbox with the Automated Anatomical Labeling (AAL) atlas (Maldjian, Laurienti, Kraft, & Burdette, 2003) . For the sgACC ROI, we constructed an 8-mm sphere surrounding the peak coordinate identified by Drevets et al. (1997) (Talairach and Tournoux coordinates: x = −2, y = 32, z = −2; maximum volumetric reduction across unmedicated unipolar and bipolar depressed subjects, relative to controls). The rationale behind the selection of this ROI was that s/s subjects may be more vulnerable to depression in the context of stress (Uher & McGuffin, 2010) , thus by choosing the group maxima of changes associated with depression reported by Drevets et al., we hoped to maximize our chances of detecting group differences in functional response at a potential biomarker for susceptibility. We used the small-volume family-wise error corrected (SV-FWE) p value at the voxel level reported by SPM to determine statistical significance (threshold p = .05, SV-FWE).
For these ROIs, we extracted parameter estimates for each of the regressors (happy, fearful, and neutral) relative to the implicit baseline at the peak voxel for the fear versus neutral contrast (either the main effect of emotion or the Genotype group × Emotion interaction, as appropriate). Where a significant interaction was detected, these parameter estimates were used to identify simple main effects in post hoc analyses. In addition, for completeness and descriptive purposes, we also include the results of whole-brain comparisons at p < .001 (uncorrected) with a spatial extent threshold of 5 voxels (Supplementary Table S3 ). Although the above analyses were conducted in the context of the mass-univariate framework, we have also included descriptive statistics relating to the mean response across anatomically defined amygdala ROIs (left, right, and combined) for each of the relevant contrasts in the supplementary materials for future meta-analytic studies (Supplementary Table S4 ). In Table 1 , we restrict our reporting of the main effects of visual stimulation (all faces vs. baseline) to the regions or nodes considered by the DCM (see below), along with those in the amygdala and sgACC. The p values were SV-FWE corrected and a threshold of p < .05 was adopted, although without correction for multiple comparisons across regions. The ROIs in this instance comprised spheres of between 4 and 8 mm centered on locations determined a priori from Fairhall and Ishai (2007) .
Power Analysis
Given that we were attempting to replicate the findings of Hariri et al. (2002) , the power of the present study to detect an effect of the size they reported warrants particular consideration. In their sample, mean response across the amygdala ROI was 0.28 (SD 0.299) for the s-carriers (n = 14), and 0.03 (SD 0.187) for the l/l group (n = 14); this corresponds to an effect size of d = 1.0016 (Munafò, Brown, & Hariri, 2009) . Power calculations indicate that in the present study, at α = .05, an effect of this size was detected at 75% power with a two-tailed test and at 85% power with a one-tailed test, warranted on the grounds of a replication study.
Dynamic Causal Modeling
We selected the nodes for our DCM analysis from the network used by Fairhall and Ishai (2007) in their analysis of effective connectivity during face processing. The decision to use the anatomical regions described by Fairhall and Ishai as nodes for the DCM was based on evidence that viewing faces versus nonface objects or scrambled faces elicits a preferential response across these regions that is independent of valence and task (Ishai, 2008) . First, a model was specified consisting of fixed connections across the network and modulators (changes in coupling) related to viewing particular emotional expressions. It should be noted that the modulators on the connections in the models examined changes in coupling related to viewing a particular emotion per se, rather than for a contrast (e.g., fear vs. neutral) as in the univariate analysis.
Having established the position of the nodes for each subject (described in detail in the Results section), we constructed models to describe the dynamic connectivity across the network. We referred to anatomical evidence when specifying the connections for our models, supporting the existence of the fixed connectivity model we assumed (Schmahmann et al., 2007; Croxson et al., 2005; Molnar-Szakacs, Iacoboni, Koski, & Mazziotta, 2005; Catani, Jones, Donato, & Ffytche, 2003; Ongur & Price, 2000) .
We elaborated a model space that contained several plausible models. Parameter estimates for the fixed connections and modulators were estimated by fitting the model to each subjectʼs time series. Following an initially exploratory model identification strategy (Models 1 and 2), models were identified using a heuristic search by successively removing connections/modulators from a model with a fairly complete connectivity structure (Model 3 onward; see Supplementary Figure 1 ). We continued this process until the model evidence pooled over subjects (see below) stopped increasing, and we were unable to supersede the pooled model evidence for the best model. One-sample t tests on the mean parameter estimates across subjects determined whether the connections were significantly different from zero. Connections were removed from subsequent models if they failed to survive uncorrected thresholds of p < .005 or p < .01 for fixed connections and modulatory effects, respectively.
A formal comparison of the alternative models was based on the model evidence. The model evidence indicates which model provides the best fit to the measured time-series data for each subject. It penalizes model complexity to prevent "overfitting," whereby the model does not generalize well to other datasets (Friston et al., 2003) . This analysis was performed using the group Bayesian Model Comparison tool in SPM8 (Stephan, Penny, Daunizeau, Moran, & Friston, 2009 ).
Once we had established the best model across all subjects (Model 11), we conducted analyses to compare parameter estimates for connections and modulators between the genotype groups, using independent-samples t tests. In these analyses, we corrected for multiple comparisons according to the number of fixed connections (n = 14) and modulators (n = 5) using the Bonferroni method. However, we report results reaching a nominal threshold of p < .05 using two-tailed p values in Table 2 .
Analysis of Behavioral and Demographic Data
Behavioral and demographic data were analyzed with the Statistical Package for the Social Sciences (SPSS) 16, using repeated measures analyses of variance or t tests as appropriate (Supplementary Tables S1 and S2) .
RESULTS

Demographic Data
There were no differences in age, gender, or IQ between the genotype groups (Supplementary Table S1 ).
Behavioral Data
There were no differences between the genotype groups for either response times or gender judgment accuracy, and no evidence for an Emotion × Genotype interaction for either response times [F(2, 56) < 1] or accuracy [F(2, 56) = 2.14, p = .13] (Supplementary Table S2 ).
Univariate fMRI Analysis
Amygdala
Left amygdala responses were greater for fearful relative to neutral faces, irrespective of genotype (main effect of emotion depicted in Figure 1A ; MNI coordinates x = 21, y = −6, z = −15; Z = 3.42, p < .05, SV-FWE). t tests on the parameter estimates at the peak voxel for this contrast confirmed that the effect was present in both genotype groups [ Figure 1B ; s/s: t(14) = 2.28, p = .04 (uncorrected); la/la: t(14) = 3.07, p = .008 (uncorrected)]. There was no evidence that the amygdala response to fearful relative to neutral faces was greater in s/s subjects within the bilateral amygdala ROI, with no voxels surviving even the liberal threshold of p < .005, uncorrected.
Because Hariri et al. (2002) did not use a neutral face condition as a baseline, we repeated these analyses comparing the fearful faces versus fixation contrast between groups for comparability with their study. Again, when comparing the genotype groups, no amygdala voxels survived SV-FWE correction, or even the liberal threshold of p < .005 (uncorrected), for this contrast.
Subgenual Cingulate sgACC responses to fearful versus neutral faces differed significantly between the genotype groups (Genotype × Emotion interaction depicted in Figure 2A ; MNI coordinates x = −6, y = 30, z = 0; Z = 3.22, p = .032 SV-FWE). Post hoc analysis revealed that in la/la subjects the sgACC response was decreased for fearful relative to neutral faces [ Figure 2B ; t(14) = 2.89, p = .01, uncorrected], and was increased in the s/s group [ Figure 2B ; t(14) = 2.21, p = .04, uncorrected]. la/la subjects showed significantly reduced responses to fearful faces (vs. baseline) compared to the s/s subjects at this voxel [t(28) = 5.51, p < .001, uncorrected], while the groups did not differ in terms of responses to neutral faces (t < 1) ( Figure 2B ).
Dynamic Causal Modeling
Having established that contrasting fearful and neutral faces produced robust responses in the amygdala and an interaction with group in sgACC, we next used DCM to explore the mechanisms underpinning these effects by examining functional coupling across regions involved in social processing. The coordinates of the nodes of interest are listed in Table 1 . These were the main effects of our task (all faces minus baseline) identified within the anatomical regions described by Fairhall and Ishai (2007) . Note that because we had identified a Genotype × Emotion interaction in sgACC, and because sgACC-amygdala coupling was of particular interest in our analysis, we substituted the OFC node used by Fairhall and Ishai (2007) with sgACC. We restricted our connectivity modeling to the left hemisphere, as the emotion-specific effects we aimed to understand in the amygdala and sgACC were both in the left hemisphere.
Identifying the Position of the Nodes for Each Subject
We identified the location of each node for each subject on the basis of their own responses and anatomy using a twostage process. For the LOC, FG, pSTS, and IFG, an automated procedure (using a custom-written Matlab script) identified each subjectʼs peak response for all faces versus baseline within a specified distance of the group maximum (code available from the corresponding author on request). The size of the spheres around the group maxima used to constrain the search varied according to the size of the region (LOC: 12 mm; FG: 10 mm; pSTS: 10 mm; IFG: 16 mm). Given our interest in detecting changes in connectivity in emotion processing networks when viewing fearful faces, the automated procedure identified each subjectʼs peak responses for the fear versus neutral contrast for the amygdala and sgACC nodes. For the amygdala, the AAL atlas was used to generate a mask (PickAtlas toolbox; Maldjian et al., 2003) , which constrained the search for the subjectspecific peaks. For sgACC, an 8-mm sphere around the peak for the Genotype × Emotion interaction was used (MNI coordinates x = −6, y = 30, z = 0). Given that only la/la subjects exhibited sgACC deactivation to fearful versus neutral faces, while the effect in the s/s subjects was, if anything, in the opposite direction ( Figure 2B ), we used an F-contrast to identify responses in sgACC (because t contrasts in SPM are unidirectional). We used the peak response within each region without a statistical threshold. This allowed us to include all nodes in each subjectʼs DCM, and hence to fit DCMs for all subjects, alleviating the potential difficulty that Parameter estimates for each face type relative to baseline at the peak voxel in the left amygdala for fearful versus neutral faces. Both s/s and la/la showed significantly greater amygdala response to fearful versus neutral faces, with no effect of genotype on amygdala response. *p < .05; **p < .01. Error bars represent standard error of the mean. a differential response related to emotion may be stronger in one genotype, as for very few cases there was no response significant at a threshold of p < .05, uncorrected within the appropriate anatomical region.
Once the location of the nodes had been identified for each subject, their responses were overlaid onto their own anatomical scan to manually check that responses were located in the correct anatomical location. Where necessary, a more anatomically appropriate peak was selected. This procedure was carried out blind to genotype. Once each subjectʼs nodes had been selected, we used the SPM eigenvariate tool to extract the principal component across the time series, adjusting for effects of interest.
Our strategy of selecting subject-specific peaks for the nodes meant that the voxel where the Emotion × Genotype interaction was observed (x = −6, y = 30, z = 0) was not the center for the DCM eigenvariate extraction. As a result, at the extracted subject-specific voxels, the Genotype × Emotion interaction was nonsignificant for the fear versus neutral contrast [F(1, 28) = 1.072, p > .1]. However, for the fear versus baseline contrast, the difference between the genotype groups was significant [F(1, 29) = 6.689, p < .02; Figure 3C ].
Model Estimation and Comparison
Our DCM specification procedure (see Methods) furnished 11 models, which were then compared using group Bayesian Model Comparison (Stephan et al., 2009) , with random effects on models over subjects. Both the exceedance and posterior probability indicated overwhelmingly that Model 11 was the best model ( Figure 3B and C), even in comparison to extremely similar models (Model 10; Figure 3A ). Images of the other nine models are displayed in Supplementary Figure 1 . Conducting the Bayesian Model Comparison procedure separately for each genotype group demonstrated that Model 11 was the best model for both s/s and la/la subjects (Supplementary Table 5 ). All the fixed connections in the model were highly significant (save for one; see below), with significant modulatory effects of emotion identified on connections from the FG to amygdala, FG to pSTS, amygdala to FG, and amygdala to sgACC ( Table 2 ). Note that the fixed connection from the amygdala to sgACC was nonsignificant, but this was retained because the modulator on this connection was significant.
Having established that Model 11 was the best model (independent of genotype), we compared the parameter estimates for the connections and modulators between the genotype groups (Table 2 and Figure 3B ). The la/la subjects exhibited stronger fixed connections from LOC to the FG [t(28) = 2.21, p = .035, 2-tailed) at a nominally significant threshold, with trends toward nominal significance for LOC to the pSTS [t(28) = 1.90, p = .068, 2-tailed] and from the pSTS to the FG [t(28) = 2.03, p = .052, 2-tailed], Figure 2 . (A) Difference in response to fearful versus neutral faces between the genotype groups in sgACC. MNI coordinates for peak voxel: x = −6, y = 30, z = 0. la/la subjects showed a significant reduction in sgACC response to fearful faces relative to s/s subjects. The image is thresholded at p < .005, uncorrected, and the color bar to the left of the image represents t values. (B) Parameter estimates for each face type relative to baseline at the peak voxel for the Genotype × Emotion interaction in left sgACC. la/la subjects showed a reduced response to fearful relative to neutral faces. *p < .05; ***p < .001. Error bars represent standard error of the mean. (C) Parameter estimates for each face type relative to baseline at the subject specific peaks for the nodes extracted in the DCM for left sgACC. The interaction for fearful versus neutral faces was nonsignificant at these voxels; however, there was a significant difference between the genotypes in response to fearful faces versus implicit baseline. *p < .05; ***p < .001. Error bars represent standard error of the mean. whereas s/s subjects showed a nominal trend toward stronger connectivity from the IFG to the amygdala [t(28) = 2.035, p = .051, 2-tailed]. However, none of these results survived correction for multiple comparisons. No differences in modulators between the genotype groups approached even the nominally significant level.
Model estimation was repeated with the sgACC node extracted using an 8-mm sphere around the peak voxel for the Genotype × Emotion interaction for the fear versus neutral contrast from the categorical univariate analysis (i.e., instead of subject-specific peaks, which did not themselves show a significant Genotype × Emotion interaction for the fear versus neutral contrast; Figure 2C ). This made very little difference to the results: Model 11 remained the best model with an exceedance probability > 90%. In the majority of cases, the fixed and modulatory coupling parameters were almost identical. However, the modulation by fear of the amygdala-sgACC connection was no longer even nominally significant across all subjects, and the modulation by fear of the amygdala-FG connection no longer survived correction for multiple comparisons. As in the previous analysis, there were no statistically significant differences in the modulatory parameters between the genotype groups.
DISCUSSION
This study assessed the impact of 5-HTTLPR genotype on neural responses to emotional faces using an incidental Solid lines leading to arrows represent modulators significant at p < .01, labeled F (fear) and H (happy). Dashed lines leading to arrows represent nonsignificant modulators included in the model. * connection parameter stronger in la/la versus s/s subjects, nominally significant ( p < .05, 2-tailed, uncorrected). (C) Expected posterior probability and exceedance probability for the 11 models specified. The expected posterior probability is the probability that each model provides the best fit to the measured data across subjects. The expected posterior probability was .3507 for the winning model, and the summed posterior probability was .6469 for the other models. The exceedance probability is the probability that each model provides the best fit to the data relative to other models. The exceedance probability was .9609 for the winning model, and the summed exceedance probability was .0391 for the other models. Both statistics provide overwhelming evidence that Model 11 was the best model. task. We identified an interaction between genotype and emotion in sgACC, a region strongly implicated in depression and negative mood states (Harrison et al., 2009; Drevets, Savitz, & Trimble, 2008; Ongur, Drevets, & Price, 1998) , which shares reciprocal connections with the amygdala (Ongur & Price, 2000) , although we were unable to replicate previous reports of amygdala hyperreactivity to emotional stimuli in 5-HTTLPR s/s carriers. Using DCM, we examined coupling across a network of regions implicated in social processing, finding strong evidence for functional integration across this network and its modulation by emotion. However, in contrast with previous reports (e.g., Pezawas et al., 2005) , there was only weak evidence in our dataset that connectivity in this network differed between the 5-HTTLPR genotype groups, with no results surviving correction for multiple comparisons. Below, we consider separately the effects of genotype on regional responses and functional coupling, and the findings of the DCM with regard to interplay during face processing independent of genotype.
Effects of 5-HTTLPR on Functional Response in the Amygdala and sgACC
Consistent with previous reports of enhanced sgACC response in s-carriers in the context of aversive stimulation (Fortier et al., 2010; Fukudo et al., 2009 ), we observed an interaction between genotype and emotion in sgACC, with s/s subjects demonstrating increased response to fearful versus neutral faces relative to la/la (Figure 2 ). Post hoc analyses revealed sgACC deactivation to fearful versus neutral faces in la/la subjects, and increased activation for the same contrast in s/s subjects. Our findings differ from those Modulatory effects: modulation of the connection strength related to viewing happy faces denoted by an asterisk ( * ), all other modulatory effects were related to viewing fearful faces. LOC = lateral occipital cortex; FG = fusiform gyrus; pSTS = superior temporal sulcus; IFG = inferior frontal gyrus; AMG = amygdala; sgACC = subgenual anterior cingulate cortex. Given that multiple tests were conducted, Bonferroni correction for multiple comparisons indicates the threshold for α = .05 should be p < .0036 for basic connections and p < .01 for modulators.
recently reported by Shah et al. (2009) , where no significant Genotype × Emotion interaction was identified in sgACC, using a similar incidental emotional processing task. However, s/s and s/l subjects were pooled into a single s-carrying group, and the rare A-to-G substitution in 5-HTTLPR was not taken into account, which may have decreased sensitivity in this analysis (Shah et al., 2009 ). The absence of subgenual deactivation to fearful versus neutral faces in s/s subjects parallels a recent finding in depressed subjects. Although subgenual deactivation was proportional to the subjective aversiveness of the stimuli in controls, there was no relationship between aversiveness and signal change in depressed subjects (Grimm et al., 2009) . Several studies have reported evidence for an association between the s-allele and susceptibility to depression, particularly in the context of stressful life events (Uher & McGuffin, 2010; Caspi et al., 2003; Lesch et al., 1996) , consistent with greater sensitivity to aversive emotional stimuli assessed cognitively (Strange et al., 2008) . Taken together, these findings suggest that subgenual reactivity may be important in emotion regulation, and could explain exaggerated sensitivity to aversive stimuli in short allele carriers (Thomason et al., 2010; Roiser et al., 2009; Strange et al., 2008) .
Convergent evidence suggests that the subgenual cingulate may serve to dampen affective responses to support cognitive functioning. Subgenual deactivation is typically observed during cognitive tasks (e.g., inhibitory processing). However, whereas healthy controls display more subgenual deactivation for harder task levels, depressed patients show less (Matthews et al., 2009 ). This suggests a failure of inhibitory control, which could explain worse performance on cognitive tasks in depressed patients (Eshel & Roiser, 2010) . In short, subgenual deactivation may curtail excessive emotional response for the benefit of higher-level cognitive functioning.
Consistent with this hypothesis, increased sgACC metabolism related to disturbed emotion regulation has been implicated in mood disorders (Drevets et al., 2008; Greicius et al., 2007; Botteron, Raichle, Drevets, Heath, & Todd, 2002; Drevets, 1999) . Previous studies in healthy subjects reported elevated sgACC responses associated with induced sadness and recall of aversive memories (Kross, Davidson, Weber, & Ochsner, 2009; Drevets et al., 2008; Mayberg et al., 1999) . In addition, a recent study observed increased sgACC responses to emotional versus neutral faces as the result of a typhoid injection precipitating high levels of inflammatory cytokines, which correlated with the extent of induced depressive symptoms (Harrison et al., 2009) . The decrease in sgACC response to fearful versus neutral faces observed in la/la subjects may therefore reflect a compensatory mechanism to aversive stimuli that may confer resilience, and warrants further investigation.
The foregoing discussion argues that the 5-HTTLPR short variant renders individuals susceptible to cognitive and emotion processing biases associated with depression. This is despite consistent lack of evidence for differential serotonin transporter expression related to 5-HTTLPR genotype anywhere in the adult brain (Murthy et al., 2010) , potentially indicating that structural and functional differences associated with this polymorphism reflect a developmental effect (e.g., Pacheco et al., 2009; Pezawas et al., 2005) . Indeed, Dayan and Huys (2008) have proposed that the level of serotonin-mediated inhibition during early learning impacts long-term sensitivity to serotonergic stimulation, resulting in differential sensitivity to serotonergic manipulations in adulthood. This hypothesis is consistent with findings that s/s individuals are more sensitive to serotonin depletion (Roiser, Muller, Clark, & Sahakian, 2007; Roiser et al., 2005 Roiser et al., , 2006 . Although the neural basis of this sensitivity has yet to be investigated using fMRI, our data are consistent with suggestions that sgACC may play a key role in mediating this vulnerability (Neumeister et al., 2006) .
We were unable to replicate previous reports of increased amygdala reactivity to fearful faces in s/s subjects (Dannlowski et al., 2008; Hariri et al., 2002 Hariri et al., , 2005 . A potential explanation for our nonreplication is that we used an incidental facial emotion processing task, which directed attention toward gender-related cues. In support of this hypothesis, a recent study reported greater amygdala response to neutral faces judged as "to be avoided" compared to those deemed "approachable," but only found this effect in the context of a social judgment task: There was no differential amygdala response to the same faces when judging gender (Blasi et al., 2009 ). Other recent studies that employed incidental tasks also failed to report an effect of 5-HTTLPR genotype on amygdala response to fear (e.g., Thomason et al., 2010; Shah et al., 2009) , and a meta-analysis has suggested that making responses of any kind can affect amygdala reactivity (Costafreda, Brammer, David, & Fu, 2008) . Nonetheless, it is possible that our failure to identify this difference represents a false negative, as even with 85% power, there remains a 15% chance of a false negative.
Effects of 5-HTTLPR on Amygdala-sgACC Connectivity
We also examined changes in amygdala-sgACC connectivity during fearful face processing, and the effects of 5-HTTLPR genotype on coupling changes. In contrast with a previous report, we found no evidence for differential amygdala-sgACC coupling between the genotypes (Pezawas et al., 2005) , perhaps reflecting differences in the task demands or analytic methods employed. Notably, Pezawas et al. (2005) reported differential functional coupling across task duration (not specifically during fearful/ angry face processing), and did not specify the direction of coupling. Further studies will be required to disambiguate drivers of the differential response during fearful face processing observed in sgACC related to genotype. Nominally significant differences were observed between the genotype groups in the fixed connections between other regions that participate in face processing, although none survived correction for multiple comparisons. This is interesting given the evidence that serotonin transporter expression facilitates plasticity across glutamatergic networks (Gaspar et al., 2003; Bruning & Liangos, 1997) . However, although these findings are of potential importance, they should be treated with caution until independently replicated.
Effective Connectivity during Face Processing: Fixed Connections
Our connectivity analysis sheds new light on interactions across regions implicated in social processing associated with viewing faces and facial emotions. The Bayesian Model Selection procedure identified a model with bidirectional fixed connectivity along the dorsal and ventral pathway ( Figure 3B ), in preference to models with only feedforward or feedforward and lateral connections (e.g., FG-pSTS) (Models 1 and 7). This contrasts with Fairhall and Ishaiʼs findings, where model identification indicated that including lateral and backwards connections in the "core" network did not increase model fit. The connections in common with the model identified by Fairhall and Ishai were stronger than the other connections in our model, suggesting this might be due to increased sensitivity of new improvements to DCM to detect weak connections, as well as the subject-specific placement of nodes based on anatomical location. This is likely to have reduced noise related to anatomical heterogeneity, increasing the sensitivity of the analysis (Smith, Pillai, Chen, & Horwitz, 2010) .
In support of Fairhall and Ishaiʼs findings, connectivity parameters indicated that responses in the "extended" network, including the amygdala and the IFG, were driven predominantly by the FG; although the selected model included connections from the pSTS to the extended network, surpassing model evidence of a model with connections to the extended network routed solely via the FG (Model 8) (Fairhall & Ishai, 2007) . The importance of the FG in driving responses may be attributable to the use of static facial stimuli, thought to exert lesser processing demands on regions in the dorsal stream compared to dynamic facial stimuli (James, Culham, Humphrey, Milner, & Goodale, 2003) .
One of the strengths of quantifying interactions across neural systems using DCM is the sensitivity of this method (Stephan et al., 2008) . This is evident in the large exceedance probability for Model 11 relative to Model 10, despite the similarity of the models (Figure 3 ). It should be noted that the exceedance probability of Model 11 surpassed that of less as well as more complex models. As such, we can conclude that the result justifies the sampled model space in terms of the numbers of parameters included. Modeling connectivity from regions receiving visual input across the network reduced the likelihood that the parameter estimates for direct connections were contaminated by indirect effects. In addition, selecting the position of the DCM nodes for each subject according to their own peak response greatly increased the sensitivity of the analysis. These factors improved our power to detect weak connections and provided an extremely detailed picture of interactions across the face processing network.
Effective Connectivity during Face Processing: Modulation by Emotion
Across all subjects, we observed increased bidirectional excitatory coupling between the amygdala and the FG during fearful face processing, providing a mechanistic explanation for the enhanced amygdala response elicited by fearful relative to neutral faces. This finding is consistent with previous reports using neuroimaging (Surguladze et al., 2003; Morris et al., 1998) or a combination of neuroimaging and lesion models (Vuilleumier, Richardson, Armony, Driver, & Dolan, 2004) . Viewing fearful faces also increased excitatory coupling between the FG and the pSTS to a degree similar to the enhancement of FG-amygdala coupling. Using DCM, it is not possible to determine whether facilitation of functional integration between dorsal and ventral pathways was mediated by direct or indirect connections (e.g., via attentional networks) (Vuilleumier & Driver, 2007) . Viewing fearful faces also increased the inhibitory influence of the amygdala over sgACC, implying that interactions between these regions are important in the processing of threat-relevant stimuli. This finding is consistent with a previous report of negative connectivity between the right amygdala and sgACC during passive viewing of fearful faces (Williams et al., 2006) .
Conclusion
We used an incidental facial emotion processing task to explore the effects of 5-HTTLPR on functional response in the amygdala and sgACC, as well as differences in network connectivity and task-specific changes in coupling related to genotype. Although we were unable to replicate differential amygdala response or amygdala-sgACC coupling related to genotype, we observed sgACC deactivation to fearful versus neutral faces in la/la subjects, which we speculate may represent an adaptive mechanism conferring resilience in this group. Across all subjects, we found evidence for bidirectional connectivity across dorsal and ventral visual pathways, as well as increased functional integration between them in the context of fearful faces. We also identified increased excitatory bidirectional FGamygdala coupling and increased inhibitory amygdalasgACC coupling related to the processing of threat-relevant stimuli. The absence of sgACC deactivation to fearful faces in s/s subjects is consistent with evidence for their increased sensitivity to aversive stimuli and warrants further investigation.
